Abstract The objectives of the study were to see if escaped rainbow trout (Oncorhynchus mykiss) spread rapidly or not from fish farms, and to test whether the hydrological conditions in a fjord influence their vertical distribution and importance as vector for the salmon lice (Lepeophtheirus salmonis). Fifty farmed rainbow trout were tagged with acoustic transmitters including depth sensors and released from two of 11 fish farms in the fjord system. In addition, unintentionally escaped rainbow trout were recaptured for analysis of salmon lice and stomach content. Dispersal out of the fjord system was limited. Most fish stayed in the vicinity of and moved between the fish farms but fed primarily on a variety of indigestible items. They moved in the warm relatively fresh surface layer from late spring until early autumn where the risk of being infested with salmon lice was low. They swam gradually deeper and became much more infested with salmon lice as the surface layers cooled and salinity and temperature gradients became less distinct over the course of the winter. The observed postescapement behavior may challenge the control of the spread of diseases and parasites between neighboring farms and to wild fish, but also increases opportunities for recapture.
Introduction
The rainbow trout (Oncorhynchus mykiss) is one of the most widespread species introduced into Europe for aquaculture (Savini et al., 2010) . Global production of rainbow trout has grown exponentially since 1950s, particularly as a result of increased inland production in several European countries and more recently as a consequence of the expansion of mariculture in Norway and Chile (FAO 2011) .
The potential environmental effects of cage rearing of rainbow trout have received less attention than those of farmed Atlantic salmon production, primarily because self-sustaining populations of intentionally released or escaped farmed rainbow trout are very rare in Norway (Hesthagen & Sandlund, 2007) , as they appear to lack the ability to find suitable spawning habitats (Lindberg et al., 2009 ) and do not threaten the genetic integrity of the wild Atlantic salmon (Salmo salar) populations. However, rainbow trout farming may increase the risks of spread of diseases and parasites. Rainbow trout host parasites, such as Gyrodactylus salaris (Peeler & Thrush, 2004) , and have a high susceptibility to salmon lice (Lepeophtheirus salmonis) (Fast et al., 2002; Gjerde & Saltkjelvik, 2009) . They may also carry a number of salmonid diseases (Hodneland et al., 2005; Taksdal et al., 2007; Kristoffersen et al., 2009 ). Farming and escapes of rainbow trout may therefore contribute to the high infestation rate of sea lice on wild salmonids (Birkeland & Jakobsen, 1997; Finstad et al., 2000; Bjørn et al., 2001; Heuch & Mo, 2001) , especially when farms are sited on smolt migration routes (Krkosek et al., 2009) .
Few studies have examined the behavior and spread of farmed rainbow trout at sea, but they generally conclude that trout disperse relatively slowly. Bridger et al. (2001) studied the post-release behavior of triploid steelhead trout in Canada and found that most fish were attracted to and remained close to the cages where they had been grown for a long period of time. Skilbrei & Wennevik (2006b) observed that the geographical distribution of gill-net recaptures of escaped rainbow trout agreed well with the localization of the fish farms and with escape events, and Jonsson et al. (1993) concluded that rainbow trout were usually recaptured in the fjord area where they were released. A prolonged stay of escaped rainbow trout in the fjord or coastal areas could increase the risks of negative interaction with wild fish, especially with wild salmonids as Atlantic salmon and sea trout (Salmo trutta) that migrate through or feed in the same areas. The swimming depth of escaped rainbow trout in fjords will influence its probability of being infested with salmon lice. According to laboratory experiments (Johnson & Albright, 1991; Bricknell et al., 2006) , the salinity of the upper fresh/brackish water layer in many fjords is lower than the salinity tolerance of salmon. The vertical distribution of the escaped rainbow trout in sea is also important for the design of recapture strategies, but such data have yet to be reported.
The objectives of this study were to study the horizontal and vertical movements of simulated escaped rainbow trout in a fjord system with fish farms to improve our understanding of the interactions between farming of rainbow trout and the environment. It was of interest to study how rapidly they spread in the fjord system and whether their vertical distribution is related to salinity gradients, and to identify their possible role as hosts for salmon lice.
Materials and methods
The study was based in the fjord system surrounding the sheltered island of Osterøy in western Norway. A number of rivers that host populations of Atlantic salmon and sea trout enter this basin (Fig. 1) . Freshwater run-off produces a brackish water surface layer which make the fjord more suitable for farming of rainbow trout than Atlantic salmon, and all the fish farms in this system have therefore switched to rainbow trout production. Because of a dramatic decline in the numbers of adult Atlantic salmon returning to the River Vosso since the late 1980s, it has been assumed that the survival rate of wild smolts migrating through the fjord system is low. A number of research projects have been and are being carried out in the river and the fjord to identify the causes of this (Barlaup, 2008) , and it has been shown that salmon lice may contribute to reduce the survival of released Atlantic salmon smolts (Skilbrei & Wennevik, 2006a) .
Farmed rainbow trout (0.8-2.5 kg) (Table 1) were randomly selected from net pens at two fish farms and were tagged with V13 acoustic transmitters with depth sensor (V13P-1L-256 coded pingers, 4.3-cm long and 1.2-cm diameter, weight in water 6.6 g, projected battery life 559 days; Vemco Ltd., Nova Scotia, Canada). The fish were anaesthetized with a mix of benzocaine and metomidate. The dose was adjusted so that it took 2-3 min until the fish were calm enough for surgery. The intracoelomic surgical implantation of the transmitters was performed by a trained veterinarian. A 3-to 4-cm-long incision was made 2-3 cm in front of, but 1-2 cm above, the pelvic fin. Terramycin Ò vet. (Oxytetracycline) was dropped at the tag before inclusion. Tissue adhesive (Histoacryl Ò ) was added to the wound after the three sutures had been closed (Supramid 2/0 polyamide monofilament) and tied with surgeon's knots. The equipment and needles were sterilized in 70% ethanol. Finally, length and weight were measured and the fish were also tagged with external T-bar anchor tags (Hallprint). The operation took 3-4 min. The fish were first transferred to a tank supplied with running seawater for recovery, and then kept in a net pen for the next 4 or 5 days before being released in late May and late August 2008 (Table 1 ). The experiment and the tagging procedure were approved by the Norwegian committee for the use of animals in scientific experiments (FDU).
Acoustic receivers (VR2W; Vemco) were attached to 8 of the 11 fish farms in the fjord system (Fig. 1 ). Receivers were also deployed so that the fish could not leave the fjord system undetected. One receiver covered a narrow strait and two arrays of six receivers were mounted on both sides of the pontoons of a 1.4-km-long floating bridge that crosses the main fjord. A further two receivers were deployed to fill the gap between the southern shore and the first pontoon. Ten additional receivers were attached to floats moored to the bottom and distributed in the fjord system (Fig. 1) . All receivers were positioned at depths of 2-3 m, except the one in the strait, at 10 m. Range-testing trials in the Alta Fjord, performed with same type of tags used in the present study, demonstrated that the tags could be registered by receivers at a distance of 600-800 m (Chittenden et al., 2011) . However, maximum listening distance may vary considerable, also at the same site (Finstad et al., 2005) . In this study, simultaneous recordings at several receivers imply that individuals were occasionally detected at 1-2 km distance.
The following categories were used to describe individual fish whereabouts at a daily basis. ''Northern farms'', ''Southern farms'', and ''Elsewhere'' refers to areas described in Fig. 1 . It was required that there were[2 recordings of an individual at one or adjacent receivers per day, otherwise it was ''Out of range'' if it reappeared later, and ''Disappeared'' if it did not. ''Disappeared'' also includes two tags of the first release group that appeared to rest at the seabed at a fixed depth and position for many months (these fish may have died, lost their tag or been captured and gutted). The tags of ''Captured'' fish were recovered by fishers using gill-nets or anglers, and a fish was categorized as ''Out of the fjord'' if its last known position was by (the western side of) the bridge crossing the entrance to the Osterøy fjord basin. To calculate the estimated position of a fish that was not within the range of a receiver at 12:00 h on selected dates, it was assumed that it had swum at constant speed from the previous to the next receiver, taking the shortest possible route. Occasional recordings (1-5/ day) of two individuals on the receiver 1.4 km away from release site 2 were used to verify that they were most probably staying in the vicinity of release site 2 during parts of the period when the receiver at release site 2 was missing.
Several receivers were lost and replaced during the experiment. Data were therefore lost from release site 2 and the receiver adjacent to it toward the north-east from Aug 28 to Oct 15, 2008 , and from Oct 15, 2008 to Jan 15, 2009 from the two fish farms in the middle part of the ''Southern farms'' area ( Fig. 1 ). The number of receivers was reduced on Dec 3, 2008 when the ''Elsewhere'' receivers were removed, except for those covering the strait and the bridge and one in the ''Southern Farm'' area. Daily temperature and salinity measurements at 1, 4, and 8 m depth were available from the northernmost of the fish farms with receivers.
Escaped farmed rainbow trout were captured during 2009 to quantify salmon lice infestation and stomach content. The authorities received two escape reports from fish farmers in the fjord in autumn 2008, and many reports on recaptures from anglers and fishers mainly in the area covered by ''Southern farms'' ( 
Results
The rainbow trout that were released from one of the ''Southern farms'' in late May 2008 resided primarily within the ''Southern farm'' area during the summer and early autumn, except for the fish (*20%), that moved out of the fjord during June 2008 (Figs. 2, 3 , and 4). The number of fish that stayed in the vicinity of the release site for at least 1 h/day decreased from 6 to 9 individuals (30-45% of released fish), to 4-8 (20-40%) and thereafter to 2-7 (10-35%) fish per day during the periods 1-10, 11-20, and 21-75 days post-release, respectively. Several individuals (n = 5, 25%) also visited the bridge in June 2008. They typically moved to the bridge during 1 day, stayed in that area or moved to the most remote receivers for the next 2-5 days before using a day or two to travel the [20-km-long distance back to their ''home'' area. While *50% of the fish stayed primarily in the proximity of one single receiver for weeks, the other half moved more and were frequently visiting 4-7 of the 7 receivers in the *10-km-long ''Southern farms'' area during a single day. Twenty percent (n = 5) were reported recaptured by October 2008 in the fjord within the area covered by the receivers, and 40% (n = 8) disappeared (Fig. 2) .
The fish released in late August from one of the ''Northern farms'' spread rapidly to most farms in the fjord during the first week (Fig. 2) . The number of fish that stayed in the vicinity of the release site for at least 1 h/day decreased from 12 to 4 individuals (from 40 to 13%) from day 1 to 5 post-release. Approximately one half of the fish stayed among the ''Northern farms'' and adjacent receivers (most of the ''Elsewhere'' group), while the other half moved quickly down to the ''Southern farms'' (Figs. 2, 3) . Fish (13 out of 30) also moved between ''Northern'' and ''Southern farms'' 2-4 times during autumn. As a consequence of this the average distance from the fish to their release site were clearly higher for the second than for the first release group; 7-10 versus 3-5 km (Fig. 4) . Thirty-seven percent left the fjord system during the autumn, and 30% were recaptured (Fig. 2) . One of these had left the fjord and was captured 20 km west of the bridge and one other was angles in River Lone. The rest (n = 11) was caught within the area covered by the receivers. The loss of receivers (see ''Materials and methods'') increased the ''Out of range'' category of the fish moving in the ''Northern farms'' area from late August to mid-October (Fig. 2) .
The 10 The swimming depth of the fish changed with the annual temperature cycle. Generally, the fish stayed very close to the surface in low salinity water during summer, but moved gradually deeper as temperature decreased during autumn and winter (Fig. 5) , especially when the temperature dropped below 5°C (Fig. 6) . Maximum swimming depths were reached during February-March. Mean depth was 7-12 m, but the standard deviation was high (Fig. 5) because the individuals were spread over depths from 4 to 30 m. In March, the temperatures were relatively uniform at depths from 1 to 8 m (4-6°C), and the brackish layer had started to build up again after being less distinct, with surface salinities above 20°C in early February. The fish also responded to high temperatures during the summer by increasing their swimming depth by 2-4 m when the temperature of the surface layer rose above *16 to 18°C (Figs. 5, 6 ).
The behavior and swimming depth of one individual of the second release differed from the rest of the fish. It stayed almost permanently within the listening range of the receiver at one of the northern fish farms from late August until it was recaptured in late November 2008, and moved frequently between surface and 15-25 m depth, sometimes many times per day. The net pens at the fish farm were *25-to 30-m deep.
The infestation rate of salmon lice on escaped rainbow trout dropped clearly during the spring. In late March 2009 there were 15 lice per fish, in early May there were 9 lice in average, and in late June 2009 the numbers were close to zero (Table 2 ). Adult lice dominated over younger stages on all three sample dates. High numbers of chalimus and preadult stages were found only on two individuals recaptured in late March. Few recaptured escaped rainbow trouts had food pellets in their stomachs (n = 3, 4.4%) ( Table 2) , and 22% of the stomachs were empty (n = 15). Apart from small blue mussels (Mytilus edulis) that were frequently found in the June sample (in 18 stomachs, 60% of sample) and in two other individuals, the stomach contents consisted of a variety of items that had probably been picked up from the surface; leaves, flowers, sticks and pieces of wood, pine needles, kelp and seaweed, cigarettes filters, and plastic-like waste.
Discussion
This study confirms that released rainbow may remain in the vicinity of the release site for several months (Jonsson et al., 1993; Bridger et al., 2001; Rikardsen & Sandring, 2006) . It also showed that the fish did not necessarily stay close to the fish farm from which they had been released, but stayed in the vicinity of or moved between other fish farms in the fjord. Unexpectedly, the recaptured escaped fish did not feed on surplus pellets to any significant extent. The behavioral study seems to confirm this, as only one of the 31 tagged fish stayed permanently in the vicinity of a fish farm for a long period of time, and behaved as if it may have had responded to the feeding in the fish farm. This finding is in contrast to the observation that escaped Atlantic salmon that remain in the vicinity of the fish farm may feed largely on pellets (Olsen & Skilbrei, 2010) . The reasons why this food source was not utilized are not known. It may be that rainbow trout do not compete effectively with the marine fish, mostly saithe (Pollachius virens), which aggregate beneath the net pens in great numbers (Dempster et al., 2009) . The lack of proper food items in the stomachs of the recaptures agrees well with the findings of Rikardsen & Sandring (2006) , that escaped rainbow trout fed on indigestible items, such as seaweed and small pieces of wood that are similar in shape to the commercial pellets to which they were accustomed, but contrasts with a study of escaped rainbow trout in Chile that fed on a variety of wild prey (Soto et al., 2001) . However, the age of that fish at escape was unknown in the study of Soto et al. (2001) and may have contributed to this discrepancy. Rikardsen & Sandring (2006) suggested that rainbow trout that escape as adults, unlike postsmolts, have difficulties in learning to find wild prey. One reason for this may be that European rainbow trout have been domesticated for many generations, having been introduced in Europe around 100 years ago. Why then do the majority of the escaped farmed rainbow trout remain close to the fish farms if they do not feed there? Migratory behavior may simply be poorly developed in the strains used for mariculture or in fish of this size. For example, the tendency of escaped farmed Atlantic salmon to move rapidly toward open sea is highly dependent on the developmental stage of the fish at the time of escape (Skilbrei, 2010) . However, the movements out of the fjord of 20% of the fish in June 2008, and most of the remaining fish in April/May 2009, are reminiscent of a study with Atlantic salmon that showed that migratory behavior may not develop exclusively at the smolt stage, but also in adults during the spring (Hansen & Jonsson, 1989) . On the other hand, the return of the fish that visited the bridge to their ''home'' area (21 km distance), and their long residency in the home area is similar to the observations of Bridger et al. (2001) , who suggested that the return of trout to the rearing site implies that some level of orientation exists, based on cues or imprinting established while the fish are growing at the site. Escaped fish may also be attracted to familiar smells and sounds from the fish farms. Migrating Atlantic salmon use odors from conspecifics for local orientation (Johannesson, 1987) , and it has been suggested that acoustic conditioning of rainbow trout (Abbott, 1972) could be used to aggregate escapees to improve recapture rates (Tlusty et al., 2008) .
This study provides novel information regarding the relationship between the vertical distribution of escaped farmed rainbow trout and the risk of becoming infested with salmon lice. The ''escapees'' moved close to the relatively fresh surface layer as long as the temperature there was higher than in deeper waters, and above 5°C. The escaped rainbow trout may prefer the physical conditions (light intensity, temperature, and salinity) in the upper water column during spring and summer, but this behavior may also have been learned when the fish were reared in the net pens. The food is distributed close to the surface in the net pens. The finding of a variety of floating items in their stomachs (see above) show that they continue to search for food close to the surface after they escape. At lower temperatures, and with less clear salinity and temperature gradients in late winter, they were much more spread throughout the water column. Low temperature reduces the capacity for osmotic regulation in rainbow trout (Finstad et al., 1988) and may be one reason for the downward movement to warmer water. The surface salinity of 6-12 during the spring and summer is a hostile environment for salmon lice, so fish that stay in this layer are probably relatively well protected against lice. Tank experiments (Heuch, 1995; Bricknell et al., 2006) suggest that the success of the copepodids decreases with salinity, but that they are probably capable of infesting salmonids at salinities of *18 to 25. Both the salinity profile and the vertical distribution of the escaped rainbow trout therefore suggest that they could have been infested with salmon lice during the winter, an interpretation that was confirmed by the infestation rates of all stages of salmon lice on escaped rainbow trout recaptured in late March. The reduced infestation rate in May and very low infestation rate in June also seem to fit with the expectation that salmon lice parasitism is less likely after the escaped fish return to the fresher surface layer during spring. These relationships imply that the hydrological conditions in the fjord become important for the interactions among escaped rainbow trout, sea lice, and wild salmonids in the fjord. The risks of infestation with salmon lice would then be higher during winter and early spring when much of the precipitation falls as snow, lower during the melting of snow in the drainage basins during the spring, and variable in summer, depending on rainfall and how the Number and dates of recapture, mean weight and number, and percentages of fish with food pellets in stomach. The prevalence and mean abundance and the abundances and ranges of stages of salmon lice are also shown operation of the hydropower plants in the major rivers influences the freshwater run-off. The Atlantic salmon smolts leave the rivers and migrate through the fjord from late April until June (Skilbrei et al., 2010b) . The risk of being ingested with salmon lice may then be higher for the fish that migrate early before the buildup of a surface layer with low salinity. The production of salmon lice nauplius in the fjord system throughout the year have potentially a larger influence on sea trout, which feed in the fjord and are present there from the winter (old individuals) to late autumn. In contrast to the high infestation of salmon lice on the escaped rainbow trout in late winter 2009, there were almost no findings of adult female salmon lice on the farmed rainbow trout in the fjord system and no need for the farmers to delouse the fish in 2008 and 2009. One reason may be that the farmed fish move in the upper water column during feeding, and that the salinity there was low enough during the winter 2008/2009 to reduce the settlement and development success of the salmon louse. In accordance with the model that predicts that the significance of escaped farm fish as a vector for salmon lice may be high when the louse burden in the fish farms is low (Heuch & Mo, 2001) , the presence of escaped rainbow trout may well have contributed considerably to the total production of salmon lice eggs in the fjord system during late winter/early spring.
Movements of escaped fish could help to explain some of the unknown factors in the models employed in assessment of the risks of transfer of pathogens between fish farms (Skilbrei et al., 2010a) , especially for horizontally transferred pathogens as pancreatic disease (Kristoffersen et al., 2009) . The movements of the escaped farmed rainbow trout between fish farms and their long stay in the fjord imply that the escaped fish may, at worst, become a reservoir for pathogens once they have been introduced into the fjord system which may challenge the disease management and control.
The reported recapture rate (35%) and the slow dispersal of fish out of the fjord system imply that a significant portion of rainbow trout that escape from these sites could be recaptured. This is supported by catch statistics from the autumn gill-net fishery for escaped salmonids, which revealed that the catch of rainbow trout per unit effort was high after escapes and largely within this fjord basin compared to adjacent areas (Skilbrei & Wennevik, 2006b) . As many fish moved away from their home farm and spread to or moved between other fish farms, the fishing effort must be geographically distributed to cover all local fish farms if it is to be effective. This behavior also implies that the common practice of using gill-nets attached to the fish farm or set in the immediate neighborhood of it as an early warning of escape incidents can be misleading, and that additional information, such as genetic profiles may be necessary if we wish to identify the farm of origin of unreported escapes of rainbow trout (Glover, 2008) . The distribution of the rainbow trout close to the surface during summer, which is beneficial because traditional fishing gears for salmonids can be used, is similar to the vertical distribution of simulated escaped Atlantic salmon. The differences are that Atlantic salmon may dive well below the maximum depth observed in this study and do not avoid cold surface water during the winter (Skilbrei et al., 2009 ). The increased individual vertical range during the winter may well influence the catchability of escaped rainbow trout because the fish occupy a larger volume and will be less available in traditional fishing gears for salmonids like floating gill-nets and bag-nets that operate close to the surface.
In summary, although the escaped farmed rainbow trout did not appear to feed on surplus food pellets from the fish farms, they did remain in the vicinity of the farms for a lengthy period of time and dispersed slowly out of the fjord system. This suggests that the risk of transfer of pathogens between fish farm was increased, possibly also to wild fish in the fjord. The importance of escaped rainbow trout as vectors of salmon lice appear to depend on whether, and at what time, there is a relatively fresh surface layer warmer than 5°C in the fjord. Above this temperature they stay close to the surface, while at lower temperatures they move deeper into higher salinity water where the risk of being infested with salmon lice increases. The fish were available for recapture for weeks and even months within the fjord system, but an effective recapture strategy would require the fished area to cover the neighborhood of all fish farms.
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